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93Purpose: The purpose of this study was to evaluate the impact of a modified sagittal split osteotomy
(SSO) surgical technique on the incidence of persisting inferior border defects. The secondary aim was
to identify risk factors associated with the development of these complications.
Materials and Methods: The patient charts and radiographs of 276 consecutive patients who under-
went bilateral SSO, performed by a single surgeon in 2 different centers from July 2012 to September
2014, were retrospectively examined. The predictor variable was length of advancement. The outcome
variable was the presence or absence of an inferior border defect. Other variables included age and
side of the jaw. In all cases the same surgical technique was used. All statistical analyses were performed
using SAS software, version 9.4 (SAS Institute, Cary, NC).
Results: The analysis included 408 operation sites in 204 patients (132 female and 72 male patients; me-
dian age, 22 years; age range, 13 to 66 years). In 5.1% of operation sites an osseous defect at the lower
border of the mandible was observed. Age at the time of surgery (P < .0001) and length of advancement
(P = .0111) were identified as risk factors for the development of a persisting osseous defect at the inferior
border of the osteotomy gap after SSO.
Conclusions: This study confirms the findings previously reported by our research group that the modi-
fied inferior border osteotomy technique in SSO results in a significantly lower frequency of persisting infe-
rior border defects. Surgeons are advised to ensure that the lingual cortex of the inferior border is not
included in the split during mandibular advancements, and in cases in which the advancement is more
than 10 mm and/or the patient is older than 30 years, surgeons might want to consider using a bone graft
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214Sagittal split osteotomy (SSO) of the mandible is a suc-
cessful technique and one of the most commonly used
techniques in orthognathic surgery. Since its introduc-
tion almost 6 decades ago by Trauner and Obwegeser,1
several modifications of the original technique have
been reported,2 such as those of Dal Pont,3 Hunsuck,4
Epker,5 and Wolford and Davis.6 These modifications
have reduced the frequency of perioperative and post-
operative complications and improved the stability and
success of the postsurgical outcome.7 Nonetheless,
various complications are still associated with SSO.8-13
The most common and widely reported complica-
tions of SSO are postoperative neurosensory distur-
bances of the inferior alveolar nerve, such as
persisting anesthesia, hyperesthesia, or allodynia.
Neuropathic pain resulting from nerve damage can
be the cause of considerable morbidity in patients.14,15
Given the elective nature of SSO, utmost care should
be taken to minimize the frequency of complications.
Another complication after SSO, which is less debil-
itating but a cause of dissatisfaction among patients, is
a persisting osseous defect at the inferior border of the
mandible. A previous report from our group showed
that this complication is present in more than one
third of the operation sites if the full mandibular infe-
rior border is included during the inferior border
cut.16 Given the fact that a visible and palpable gap
can be a reason for patient dissatisfaction and second-
ary surgical correction, precautions should be taken to
reduce the risk of a postoperative mandibular defect
after bilateral SSO.
The main purpose of this study was to evaluate the
effect of a modified SSO surgical technique (Trauner-
Obwegeser SSO with the Hunsuck-Epker technique
and a modification of the inferior border osteotomy)
on the incidence of persisting inferior border defects
in the mandible after SSO. The secondary aim was to
identify the risk factors associated with the develop-
ment of these complications when the modified SSO
technique was used.14
215
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224Materials and Methods
STUDY DESIGN
A retrospective study design was implemented. The
study included patients who underwent bilateral SSO
at St John’s Hospital in Genk, Belgium, from July
2012 to March 2013 and patients who underwent
the same procedure at the University Hospital of
Leuven (UZ Leuven) in Leuven, Belgium, from JanuaryFLA 5.4.0 DTD  YJOMS57087_proof  22013 to September 2014. The inclusion criteria were
patients requiring the correction of mandibular retro-
gnathism with correction consisting of symmetrical or
asymmetrical mandibular advancements. The study
was approved by the ethical committee of the Catholic
University of Leuven and UZ Leuven (S55873). Q
STUDY VARIABLES
To assess the frequency of inferior border defects af-
ter SSO surgery and to identify the associated risk fac-
tors for these complications, we used a set of predictor
variables comparable to those described in the previ-
ous study by our group.16 The radiographic variable
was the magnitude of advancement during SSO,
measured (in millimeters) on panoramic radiographs
taken 1 week after surgery. The other variables were
age (in years), gender (female or male), and side of
the jaw (left or right). The primary outcome measure
was the radiographic absence (Fig 1) or presence
(Fig 2) of an inferior border defect. In addition, patient
operative charts were studied for any information on
the occurrence of a bad split during osteotomy. Q
MODIFIED MANDIBULAR INFERIOR BORDER
OSTEOTOMY TECHNIQUE
The sagittal osteotomy of the inferior border is
executed with a standard Mectron Piezosurgery insert
(OT7; Mectron, Carasco, Italy). QAfter completion of
the vertical cut through the outer cortex of the
mandible at the level somewhere between the first
and second molar, a bevel is made—with a round
drill—medial to the vertical cut at the inferior border
of the mandible to allow the placement of the Piezo-
surgery insert as parallel to the inferior border as
possible. The Piezosurgery insert is placed against
the bevel and is gently driven into the inferior border
with the purpose to divide the inferior border into a
lingual side and a buccal side. Care needs to be taken
not to drive the tip too lingually. The tip is inserted un-
til the first black dot disappears in the bone, which is at
a depth of about 7 to 10 mm. This allows the initiation
of an inferior border split in which the lingual border
at the gap remains in the tooth-bearing fragment,
whereas the buccal side of the inferior border remains
part of the buccal fragment (proximal segment), avoid-
ing the emergence of an unfavorable split.
DATA COLLECTION Q
During the preoperative examination and postoper-
ative follow-up appointments (1 week, 6 weeks,February 2016  7:35 pm  CE KO
FIGURE1. Apanoramic image of themandible 1 year after bilateral sagittal split osteotomy shows no defect in the mandibular inferior border. Q25
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3086 months, 1 year), panoramic radiographs were taken
for all patients. At St John’s Hospital, the radiographs
were acquired as described in detail by Agbaje et al16
using the Orthophos XG Plus scanner (Sirona DentalFIGURE2. A panoramic image of the mandible 1 year after the operation
border. On the right side, there are signs of delayed healing; the continu
Agbaje et al. Inferior Border Defects. J Oral Maxillofac Surg 2016.
FLA 5.4.0 DTD  YJOMS57087_proof  2Systems, Bensheim, Germany) and Sidexis software
package (Sirona Dental Systems). At UZ Leuven, a
similar scanning protocol was used with the D€urr Vis-
taPano (D€urr Dental, Bietigheim-Bissingen, Germany)shows a defect (red arrow) on the left side of the mandibular inferior
ity of the cortical lining, however, remains intact (green arrow).
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meca Oy, Helsinki, Finland) and the IMPAX 6.0 soft-
ware package (Agfa Healthcare, Mortsel, Belgium).15
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418ASSESSMENT OF MAGNITUDE OF ADVANCEMENT
DURING SSO ON ORTHOPANTOGRAPHS
The advancement achieved for all 454 operation
sites (227 patients) during SSO was determined from
linear measurements made on the panoramic radio-
graphs taken 1 week postoperatively.16 On each oper-
ation site, the magnitude of advancement, as well as
the length of the inferior miniplate, was measured us-
ing the automatic measurement tool in the Sidexis (St
John’s Hospital) or IMPAX 6.0 (UZ Leuven) software
package (Fig 3). The length of the miniplate on the
panoramic radiograph was adapted to the original
known length.16 This allowed conversion of the un-
equal magnification and geometrical distortion of
measured advancement on panoramic images to the
actual length of advancement. By use of the Sidexis
software, the measured advancement was automati-
cally adapted. At UZ Leuven, the measurements were
converted by entering the known variables (length
of osteosynthesis plate) into an Excel file (Microsoft,
Redmond, WA).419
420
421
422
423ASSESSMENT OF MANDIBULAR INFERIOR BORDER
DEFECTS AND ANALYSIS
The presence or absence of an inferior border defect
on each operation site was assessed from the pano-FIGURE 3. Panoramic image of the mandib
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FLA 5.4.0 DTD  YJOMS57087_proof  2ramic radiograph taken during the last follow-up
appointment (6 months or 1 year). Only those lesions
with a well-defined cortical discontinuation were
withheld as inferior border defects (Fig 2, red arrow).
The radiograph interpretation was performed by 2 in-
dependent investigators with good knowledge of oral
imaging (A.J. and B.G.). QIn the case of disagreement, a
final conclusion was reached by consensus agreement
between these investigators. Inferior border irregular-
ities (notch, decreased cortical width, and so on) or
increased radiolucency without cortical discontinua-
tion (Fig 2, green arrow) was not considered patho-
logic in the absence of subjective complaints. All
pathologic and ambiguous cases were discussed with
a second investigator (A.J.) before inclusion. The sur-
geon who operated on the cases did not participate
in the analysis of radiographs.
All measurements and other variables (age at time of
surgery, gender, side of jaw, and use of bone grafts or
bone graft substitutes) were entered into an Excel
file (Microsoft).STATISTICAL ANALYSIS
All statistical analyses were performed using SAS sta-
tistical software (version 9.4; SAS Institute, Cary, NC).
Categorical and continuous variables were described
using descriptive statistics. Nominal variables (gender,
operation sites, movement, detachment, genioplasty,
and so on) were summarized using counts and per-
centages. The number of observations, mean, standardle showing measured linear distances.
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518deviation, median, interquartile range, and range were
used to describe the continuous variables.
The relation between the different variables (age in
years at surgery, gender, side of jaw [left vs right], and
length of advancement) and the presence of an
osseous defect at the last follow-up appointment was
determined by univariate and multivariate analyses us-
ing a generalized linear model. A generalized linear
model (logistic) with a generalized estimating equa-
tion was used to estimate the parameters while the
correlation between the outcomes on both sides for
each patient was taken into account.
Significance was defined as P < .05. Odds ratios and
95% confidence intervals were determined.17
18
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SAMPLE DESCRIPTION
Of the original population, 23 patients were lost to
follow-up; therefore, the analysis included 204 pa-
tients (132 female and 72 male patients), with 408
operation sites, with a mean age of 26.9 years (SD,
12.62 years; median, 22 years; range, 13 to 66 years).
An inferior border defect was observed in 5.1% of
operation sites (21 operation sites, with 16 in female
and 5 in male patients) on postoperative panoramic ra-
diographs taken during the last follow-up consulta-
tion. Table 1 summarizes the proportion of defects
for the categorical variables gender and side. The
continuous variables (age in years and measured
length of advancement), grouped by the status of the
mandibular inferior border (presence or absence of
defect), are reported in Table 2. Mean (39.6 years vs
26.3 years and 10.7 mm vs 9.1 mm) and median
(41 years vs 21 years and 9.8 mm vs 9.2 mm) values
were higher in patients with a defect than in those
without. Two unfavorable sagittal splits occurred dur-
ing the SSO among the 408 operating sites. All unfavor-
able sagittal splits weremanaged perioperatively. Bone
fragments were stabilized using plate osteosynthesis.Table 1. SUMMARY STATISTICS FOR CATEGORICAL
VARIABLES
Parameter
Proportion of Defects
No Defect Defect
All patients 387 of 408 (94.9%) 21 of 408 (5.1%)
Gender
Female 248 of 264 (93.9%) 16 of 264 (6.1%)
Male 139 of 144 (96.5%) 5 of 144 (3.5%)
Side
Left 192 of 204 (94.1%) 12 of 204 (5.9%)
Right 195 of 204 (95.6%) 9 of 204 (4.4%)
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560There was no need for specific additional measures,
such as rigid intermaxillary fixation or a prolonged
hospital stay.
CORRELATION AND REGRESSION STATISTICS
The estimated odds ratios and 95% confidence inter-
vals for the univariate logistic regression analysis of the
risk factors for the presence of an inferior border
defect are presented in Table 3. Age at the time of
surgery (P < .0001) and length of advancement
(P = .0055) significantly increased the likelihood of
the presence of a defect in the mandible (P # .05).
The effects of gender (P = .28) and side (P = .44) on
the probability of a postoperative defect were
insignificant.
The results of the multivariate logistic generalized
estimating equation model are presented in Table 4.
Two variables were important in predicting whether
there would be a postoperative defect: age (P < .0001)
and length of advancement (P = .0111). The effects of
side of the jaw (left vs right, P = .48) and gender (female
vs male, P = .69) were not statistically significant.
Discussion
Evaluating the impact of the modified inferior
border osteotomy technique on the frequency of a
common postoperative complication was the main
objective of this study. Wolford et al17 (1987) stressed
the importance of including the lingual cortex in the
buccal osteotomy fragment to avoid bad splits. This,
however, leads to a significant number of lower border
defects, as has been shown in our previous reports. Q
The later introduction of the technique of splitting
the inferior border by Wolford and Davis6 (1990)
showed the importance of maintaining the lingual cor-
tex of the inferior border with the distal segment dur-
ing the inferior border osteotomy. QThey performed the
inferior border osteotomy with a specially designed
reciprocating inferior border saw blade.
On the basis of previous studies,16,18-20 we
hypothesized that implementing the modified SSO
technique (Figs 4-8) would reduce the incidence of
persisting inferior border defects. A secondary
objective was to identify the risk factors associated
with the development of these complications.
In this study an inferior border defect was observed
in approximately 5% of operation sites. This finding
agrees with our previous study,16 in which we found
a significantly lower frequency (inferior border defects
in about 20% of operation sites) 1 year postoperatively
when the surgeon ensured that the lingual part of the
inferior border remained attached to the mandibular
body to avoid unfavorable splits, as compared with a
significant number of inferior border defects (inferior
border defects in >80% of operation sites) seen withFebruary 2016  7:35 pm  CE KO
Table 2. SUMMARY STATISTICS FOR CONTINUOUS VARIABLESQ23
Parameter Defect Status SE Mean (SD) Range Median (Q1, Q3) CI
Age, yr Defect (n = 21) 2.94 39.6 (13.49) 15-66 41 (36, 50) 33.48-45.76
No defect (n = 385) 0.62 26.3 (12.21) 13-66 21 (17, 34) 25.05-27.5
Advancement, mm Defect (n = 21) 0.61 10.7 (2.8) 6-18.1 9.9 (8.7, 12.3) 9.41-11.97
No defect (n = 383) 0.13 9.1 (2.51) 2.7-17.1 9.2 (7.4, 10.5) 8.82-9.33
Note: The continuous variables (age and measured length of advancement), grouped by the status of the mandibular lower
border (presence or absence of defect), are shown. Mean (39.6 years vs 26.3 years and 10.7mm vs 9.1mm) andmedian (41 years
vs 21 years and 9.8 mm vs 9.2 mm) values were higher in patients with a defect than in those without.
Abbreviations: CI, confidence interval; n, number of observations with a response; Q1, quartile 1; Q3, quartile 3; SE, standard
error of mean.
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657the old technique, which included the full thickness of
the inferior border in the proximal fragment. Our cur-
rent findings suggest an over 93% reduction in the
complication rate of the development of inferior
border defects when the modified osteotomy tech-
nique is implemented.
Bone healing is a complex biological process21,22
influenced by various local and systemic variables.23
Identification and evaluation of these (perioperative)
variables may contribute to a better understanding of
the risk factors associated with the development of a
permanent osseous defect at the inferior border of
the mandible after SSO. In this study the relation be-
tween the variables age at the time of surgery, length
of advancement, gender, and side of the jaw and the
presence of an inferior border defect was assessed,
following the hypothesis that the nature of this compli-
cation is multifactorial.
Age at the time of surgery seemed to have a signifi-
cant role in the development of a postoperative
osseous defect in our patient population: Patients
without defects were strikingly younger than those
with defects (median age of 21 years and 41 years,
respectively). Both univariate and multiple logistic
regression analyses statistically confirmed this assump-
tion, showing a significant association (P < .0001)Table 3. ORS OBTAINED WITH SIMPLE LOGISTIC
REGRESSION MODEL OF EACH FACTOR
Parameter OR 95% CI P Value
Age 1.0709 1.04-1.1 <.0001
Advancement 1.2573 1.07-1.48 .0055
Gender (female vs male) 1.7935 0.63-5.14 .2768
Side (left vs right) 1.3542 0.63-2.92 .4397
Note: The logistic model estimates the odds of having a
defect compared with having no defect.
Abbreviations: CI, confidence interval; OR, odds ratio.
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658
659between age and the frequency of inferior border de-
fects. This finding is in accordance with the literature,
in which several authors reported faster healing and
fewer associated complications in younger age
groups.23,24 The underlying mechanism is not well
understood, although an effect of age on the
vascularization during bone repair is suspected.25
The influence of the magnitude of advancement on
the frequency of inferior border defects is presented in
Table 2. Patients without an inferior border defect
showed a mean length of advancement of 9.1 mm,
whereas in patients with a defect, a mean advance-
ment of 10.7 mm was measured. By use of univariate
and multivariate logistic regression analyses, statisti-
cally significant associations (P = .0055 and P =
.0111, respectively) between this variable and the
development of a mandibular defect were shown.
The literature supports this finding, indicating that
larger defects not only require a longer healing time
(indirectly increasing the risk of postsurgical compli-
cations, eg, by retraction of the soft tissues in the
gap) but also directly increase the likelihood of postop-
erative complications.16,26-28
Our data could not confirm our previous findings
regarding the role of the side of the jaw in predicting
the probability of having a defect.16 Although a minor
numerical difference between the left side (12 of 204)
and right side (9 of 204) was present, no statisticallyTable 4. ORS OBTAINED WITH MULTIPLE LOGISTIC
REGRESSION MODEL
Parameter OR 95% CI P Value
Age 1.0724 1.04-1.11 < .0001
Advancement 1.2602 1.05-1.51 .0111
Gender (female vs male) 1.2393 0.44-3.52 .6874
Side (left vs right) 1.3589 0.58-3.17 .4780
Abbreviations: CI, confidence interval; OR, odds ratio.
Agbaje et al. Inferior Border Defects. J Oral Maxillofac Surg 2016.
February 2016  7:35 pm  CE KO
660
661
662
663
664
665
666
667
668
669
670
671
672
w
e
b
4
C
=
F
P
O
FIGURE 4. Buccal and lingual osteotomy technique: medial view
of mandible. The horizontal dashed line shows the extent of the
initial horizontal cut with the Hall burr in a sagittal split osteotomy.Q26
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FIGURE 6. Lower border cut. It should be noted that the cut only
goes through the partial thickness of the inferior border.
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764significant association between the side of the jaw and
the frequency of inferior border defects was found.
This finding might suggest that the inferior border os-
teotomy technique—as compared with the traditional
technique—is less sensitive to differences in the sur-
geon’s performance when operating on both sides
and/or to the possible difference between the left
and right sides in the posterior rotation of the prox-
imal fragment of the mandible during the placement
of rigid fixation.
In accordance with the literature, no correlation be-
tween gender and compromised bone healing
was found.16,23FIGURE5. Proper placement of a nerve hook in the anterior aspect
of the mandibular canal. This placement prevents nerve damage
due to drilling during an osteotomy cut.
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FIGURE 7. Purpose of bevel cut.
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FIGURE 8. Vertical cortical bone cut of mandibular body. The position vestibular to the first molar should be noted. A piezoelectric ultrasonic
device is used to make the lower border cut that divides the inferior border into a lingual fragment and a buccal fragment.
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896only 2 significantly contributing risk factors were iden-
tified, several more can be suspected to exert an influ-
ence on the frequency of postoperative defects.
Furthermore, the inferior border osteotomy tech-
nique used in this study group ensures no increase
in the occurrence of bad splits. A bad split occurred
in only 2 of 408 sites, which indicates that it is possible
to avoid a bad split while keeping the lingual cortex
intact, if an inferior border split is initiated with
the piezotome.
We realize that this study has several limitations,
with the main weaknesses being its retrospective
nature and the lack of inclusion of a control site
(split-mouth study design). However, because the
same surgeon operated on all patients in the former
publication with the traditional technique and oper-
ated on all patients in this studywith the modified infe-
rior border osteotomy technique, comparisons are
possible because the characteristics of the 2 study
populations do not differ. Furthermore, a split-mouth
design was deemed inapplicable because, in the previ-
ous study, a significant difference between the left and
right sides was found.
During analysis of associated risk factors for
impaired bone healing, several possible interesting
variables were not taken into account, such as medical
history (systemic conditions,29 history of surgery or
trauma, and so on), smoking status,23,30,31
medication (eg, corticosteroids) and recreational
drug use,23 thickness of the lower border, presence
of infection (requiring removal of the miniplates),
and possibly others.
No comparison could be made between other fixa-
tion types of surgical approach because the same sur-
geon using the same surgical technique carried out all
operations.
Our final remark concerns the use of panoramic im-
ages to calculate the magnitude of mandibular
advancement. This approach contains 2 problems
inherent to the radiologic technique. First, panoramic
radiographs do not allow accurate linear measure-
ments because of geometrical distortion and unequalFLA 5.4.0 DTD  YJOMS57087_proof  2magnification. The use of a conversion factor, as was
used during this study, reduces this error—especially
when both sides are considered separately—however,
the final measurement cannot be considered
exact.32,33 Second, using a 2-dimensional imaging
technique ignores the fact that defects are 3-
dimensional volumetric spaces. However, as stated
by Agbaje et al,16 because of regulations concerning
patient safety and radiation exposure, routinely per-
forming postoperative high-resolution cone-beam
computed tomography of the osteotomy gap (allowing
3-dimensional measurement) could not be justified.
The modified inferior border osteotomy technique
in SSO, which leaves the lingual part of the lower
border attached to the body of the mandible, results
in a significantly lower frequency of persisting lower
border defects. By use of this technique, the age of
the patient and the length of advancement remain
important clinical predictors of whether there will
be a postoperative defect. Gender and the side of the
jaw, however, showed no statistically significant asso-
ciation with the development of this complication.
To prevent the development of postoperative infe-
rior border defects, clinicians are advised to ensure
that the lingual cortex of the inferior border remains
intact with the distal segment of the mandible during
mandibular advancements. In cases in which the
advancement is more than 10 mm and/or the patient
is older than 30 years, surgeons may consider using a
bone graft, a bone graft substitute, or scaffolds to pre-
vent the ingrowth of surrounding soft tissues, there-
fore decreasing the occurrence of postoperative
defects. The occurrence of unfavorable splits is mini-
mized if the inferior border split is initiated with
the piezotome.References
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